Abstract. Learning management systems (LMSs) contain tons of existing courses but very little attention is paid to how well these courses actually support learners. In online learning, teachers build courses according to their teaching methods that may not fit with students with different learning styles. The harmony between the learning styles that a course supports and the actual learning styles of students can help to magnify the efficiency of the learning process. This paper presents a mechanism for analyzing existing course contents in learning management systems and an interactive tool for allowing teachers to be aware of their course support level for different learning styles of students based on the Felder and Silverman's learning style model. This tool visualizes the suitability of a course for students' learning styles and helps teachers to improve the support level of their courses for diverse learning styles.
Introduction
The widespread introduction of learning management systems (LMSs) -such as Blackboard and Moodle has meant that educational institutions deal with increasingly large sets of data. Each day, their systems amass ever increasing amounts of interaction data, personal data, systems information and academic information [1] [2] . A combination of the availability of big datasets, the emergence of online learning on a large scale, and political concerns about educational standards has prompted the development of learning analytics research field. According to the call for papers of the 1 st International Conference on Learning Analytics and Knowledge (LAK 2011), learning analytics is defined as the measurement, collection, analysis and reporting of data about learners and their contexts, for purposes of understanding and optimizing learning and the environments in which it occurs. Learning analytics is one of the fastest growing areas of technology enhanced learning (TEL) research [3] .
The rise of big data in education mirrors the increase in take up of online learning. Currently, LMSs contain tons of existing courses but very little attention is paid to how well these courses actually support learners. In online learning, teachers build courses according to their teaching methods. Teaching methods vary. Some instructors lecture, others demonstrate or discuss; some focus on principles and others on applications; some emphasize memory and others understanding [4] . On the other hand, learners have different backgrounds, motivation and preferences in their own learning processes and web-based systems that ignore these differences have difficulty in meeting learners' needs effectively [5] . Learners who are given the freedom to explore areas based on their personal interests, and who are accompanied in their striving for solutions by a supportive, understanding facilitator not only achieve higher academic results but also experience an increase in personal values, such as flexibility, self-confidence and social skills [6] . Therefore, when designing instructional material, it is important to accommodate elements that reflect individual differences in learning. One of these elements is learning styles. Understanding a student's particular learning style and how to best meet the needs of that learning style is essential to perform better learning. Clay and Orwig [7] defined learning style as a unique collection of individual skills and preferences that affects how a person perceives, gathers and processes information. Learning styles affect how a person learns, including also the aspects of how a person acts in a learning group, participates in learning activities, relates to others, and solves problems. Basically, a person's learning style is the method that best allows the person to gather and to understand knowledge in a specific manner. Once a learner's particular learning style is detected, it is possible to identify ways to help in improving the learning process [8] .
There are many models about learning styles in literature such as Kolb [9] , Dunn & Dunn [10] , Honey & Mumford [11] , and Myers-Briggs [12] . This research paper utilizes the Felder and Silverman's Learning Style Model (FSLSM) [4] because of its applicability to e-learning and compatibility to the principles of interactive learning systems design [13] . In this model, Felder and Silverman proposed four dimensions of learning styles (active/reflective, sensing/intuitive, visual/verbal, and sequential/global) and teaching styles (active/passive, concrete/abstract, visual/verbal, and sequential/global), where each teaching style corresponds to (matches with) a learning style.
Many researches have been conducted to detect the learners' learning styles and provide recommendations and adaptations for online courses based on learning styles. Paredes & Rodríguez [14] presented a framework that collects explicit information about the students by means of the Index of Learning Styles (ILS) questionnaire developed by Felder and Soloman [15] , adapts the course structure and sequencing to the student's profile and uses the implicit information about students' behavior gathered by the system during the course in order to dynamically modify the course structure and sequencing previously selected. Graf & Kinshuk [16] introduced a concept for LMSs with adaptivity based on learning styles. They used the open source LMS Moodle as a prototype and developed an add-on that enables Moodle to automatically provide adaptive courses that fit the learning styles of students. Mejía et al. [17] proposed an approach of an adaptation process that allows adjusting different types of resources to the user's preferences by means of the identification of the user's learning style in a LMS. Experimental results of evaluations of such adaptive systems indicated that providing adaptive courses based on students' learning styles plays an effective role in enhancing the learning outcomes by reducing learning time and increasing learners' satisfaction [16] [18] [19] .
While most of the previous works focus on identifying students' learning styles and adapting courses based on the identified learning styles, our research is different in that we present a mechanism to analyze existing course contents in learning management systems and an interactive tool for teachers, which visualizes the suitability of a course for students' learning styles and helps teachers to improve their courses' support level for diverse learning styles. In the next section, the mechanism for analyzing course contents is presented; the interactive tool is illustrated in section 3, followed by the conclusions and the future plans of the research in section 4.
Course Analyzing Mechanism
This mechanism aims at analyzing an existing course structure and contents in LMS to measure its support level for diverse learning styles that allows teachers to be aware of how well their courses fit with their students' learning styles. The mechanism currently considers eleven types of learning objects (LOs), as listed below; however, from technical point of view, new types of LOs can easily be included in this mechanism, if required.
• Commentaries: provide learners with a brief overview of the section.
• Content Objects: are used to present the learning material of the course.
• Reflection Quizzes: include one or more open-ended questions about the content of a section. The questions aim at encouraging learners to reflect about the learned material.
• Self-Assessment Tests: include several close-ended questions about the content of a section. These questions allow students to check their acquired knowledge and how well they already know the content of the section through receiving immediate feedback about their answers.
• Discussion Forum Activities: provide learners with the possibility to ask questions and discuss topics with their peers and instructor. While a course typically includes only one or few discussion forums, the course can include several discussion forum activities as LOs that encourage learners to use the discussion forum.
• Additional Reading Materials: provide learners with additional sources for reading about the content of the section, including, for example, more detailed explanations.
• Animations: demonstrate the concepts of the section in an animated multimedia format.
• Exercises: provide learners with an area where they can practice the learned knowledge.
• Examples: illustrate the theoretical concepts in a more concrete way.
• Real-Life Applications: demonstrate how the learned material can be related to and applied in real-life situations.
• Conclusions: summarize the content learned in a section.
Fig. 1. Section Structure
Decisions on which types of LOs support particular learning styles and at which place/location in the course these types of LOs can support such learning styles are all based on literature from Felder and Silverman [4] , who provide a clear description on how learners with particular learning styles prefer to learn.
It is assumed that a course consists of several units and a unit can (but does not have to) consist of several sections. One or more instances of the types of LOs described above can exist in each section. As shown in Fig. 1 , a section may (but does not have to) start with a commentary. Subsequently, there is an area before content (ABC) that may include some LOs that aim at motivating the learners and making the section interesting for them. After this area, the content is presented. In the next area, namely area after content (AAC), different types of LOs may be presented. The conclusions of the section can be either right after the last content object or at the end of the section.
The presented mechanism recognizes how well a section of an existing course fits to each of the eight poles of FSLSM (i.e., active, reflective, sensing, intuitive, visual, verbal, sequential and global) by calculating the average of three factors: the availability, the frequency and the sequence of the learning objects in that section, as illustrated below. Consequently, the calculations are applied for each section and then summarized for each unit and for the whole course. 
Availability and Frequency Factors
Certain LO types can support diverse learning styles; on the other hand, it is possible that they have no effect. Table 1 shows the learning object types that fit with each learning style. Since learners with an active learning style prefer to learn by trying things out and discussing with others about the learned material, the availability of self-assessment tests, exercises, animations, and forum activities can support their learning. In contrast to active learners, reflective learners learn by thinking and reflecting about the material. Therefore, the existence of reflection quizzes, additional reading material, and examples fits their needs. Sensing learners prefer concrete material. They are more practical oriented and like to relate the learned material to the real world. Therefore, examples, exercises, animations, self-assessment tests and reallife applications can support their learning. Intuitive learners like abstract material such as concepts and theories, prefer open-ended questions, tend to be more creative, and like challenges. Intuitive learners can be supported by additional reading material and reflection quizzes. Visual learners can benefit from animations. Forum activities and additional reading material are both mostly text-based and therefore support better the learners with a verbal learning style. For sequential learners, providing guidance and a linear increase of complexity in learning is important to support their learning process. Therefore, no particular type of LO would support their learning process more than others. For global learners, it is important to get the big picture of the topic. Therefore, examples and real-life applications would support their learning style more effectively. Based on the discussion above, the availability of types of LOs is considered as a factor to infer the learning styles that a section of the course fits well. The availability factor measures the existence of LO types that can support each learning style (ls) in a section with respect to all types of LOs that support the particular learning style. The availability factor is calculated using formula 1. On the other hand, the frequency factor measures the number of LOs in the section that support each learning style in respect to the frequency threshold. The frequency threshold represents the sufficient number of LOs in a section to fully support a particular learning style. This threshold is predefined and can be adjusted by the teacher if needed. If the number of LOs that support a particular learning style (ls) in a section is less than the value of the frequency threshold, then the frequency factor is obtained by formula 2, otherwise the frequency factor takes the value 1, which means a full frequency support level for that learning style.
The obtained values for both, the availability factor and the frequency factor, range from 0 to 1, where 1 indicates a strong suitability for the learning style and 0 means no support.
Sequence Factor
Not only the types but also the order and the position of the LOs affect the suitability of a course regarding different learning styles. The sequence factor measures the suitability of the sequence of LOs for different learning styles. An active learning style can be supported by the existence of self-assessment tests, exercises and animations at ABC, in order to spark students' interest in the content, or right after the content. The conclusion of the section can support an active learning style if it is located at its end. Since reflective learners prefer to read the content first before they can think and reflect about it through visiting other LOs, locating the conclusion right after the content, followed by additional learning material, examples and reflection quizzes can support a reflective learning style. Locating examples, animations and/or real-life applications at ABC fulfills sensing students' interest. Moreover, presenting them in addition to self-assessment tests and exercises right after the content and the conclusion at the end of the section can support a sensing learning style. Since intuitive learners like challenges, locating exercises in the beginning fits with their learning style. Additional reading material and reflection quizzes can support them if they are presented right after the content. Visual learners can benefit from animations if they are located before or right after the content. Forum activities and additional reading materials support verbal learners when they are presented right after the content. Due to the preference of linear increasing of complexity in learning, locating additional reading material, reflection quizzes, self-assessment tests, exercises, and animations right after the content can support sequential learners. For global learners, it is important to get the big picture of the topic. Therefore, presenting the conclusion right after the content followed by examples and real-life applications and locating the activities that require understanding of the material, including reflection quizzes, selfassessment tests, exercises and forum activities, towards the end of the section can support a global learning style.
The sequence factor is calculated for each LO according to its type, location (ABC or AAC) and position within ABC/AAC. It is determined according to how well this object type in that place fits with each of the eight learning styles of FSLSM. The sequence factor for each learning style is calculated using formula 3. In this formula, f ls (LO) =1, if the LO is suitable for that learning style at that location, and f ls (LO) =0 otherwise. n is the number of LOs in the section. The weight w represents how well the position of a learning object in AAC/ABC fits to the learning style; it is calculated by measuring how far the position of the LO is away from the content. Formula 3 represents the weighted mean of f ls (LO). Its value ranges from 0 to 1, where 1 indicates a strong suitability for the learning style and 0 means no support.
Interactive Course Analyzer
Interactive course analyzer is a tool for visualizing the suitability of a course for students' learning styles. Furthermore, it allows the teacher to play around with the course structure (by adding, moving and/or removing LOs) showing the expected changes in the course support level for diverse learning styles. It aims at helping teachers to improve their course support level by making efficient modifications in the course structure to meet the need of different students' learning styles. The interactive course analyzer tool is implemented as a client-server application. It is mainly developed using MySQL relational database management system and PHP scripting language. It is a stand-alone application that runs on the server side. It connects to a LMS database (Moodle as an example), retrieves the existing course structure and applies the mechanism introduced in section 2 to analyze the course contents with respect to learning styles [20] .
The interface of the tool consists of two parts: the settings part and the visualization part. Fig. 2 illustrates a screenshot of the settings part of the user interface. The Analysis Settings area, shown at the left side of the screenshot, allows the teacher to switch between general and cohort visualization modes (that are explained in the next subsections). In the Course Structure area, the course structure is displayed in terms of units, sections, and a list of LOs in each section. The teacher is able to browse the course and select a particular unit/section by clicking on it. The Simulation Settings area, as displayed at the right side of Fig. 2 , allows the teacher to simulate modifications in the course structure. By utilizing drag and drop functionality, the teacher can drag learning objects from the list of learning object types and place them in certain positions in the Course Structure area, drop learning objects from the Course Structure area to remove them, and/or move leaning objects from one place to another one in the Course Structure area. Once the teacher has completed the modifications on the course structure and wants to analyse how his/her modifications change the support level of the course, he/she can press on the Test button. Then the tool analyses the course structure and updates the visualization part respectively. Furthermore, in the Advanced Settings area, teachers can set the value of the frequency threshold and select the learning object types to be considered while analyzing the course support level.
The visualization part consists of four similar charts that show how well the course and the selected unit/section fit with students' learning styles. Two of the charts visualize the course support level before and after the modifications made by the teacher in the course structure. Similarly, the other two charts show the selected unit/section support level before and after the modifications.
In the following two subsections, the visualization of the General Mode and Cohort Mode is described in more detail. 
Added LO

Moved LO
For examples, as shown in Fig. 2 , the teacher made two modifications in the selected section "Why Study Information Systems?" (displayed in brown): the "Animation" learning object was added (displayed in blue), and the "Self-Assessment Test" learning object was moved within the section (displayed in orange). After reanalyzing the course considering the two modifications and by comparing the two charts in Fig 3, it can be noticed that the section support levels for active, sensing and visual learning styles were improved (as shown in the right chart by the black arrows). Consequently, the overall section support level for diverse learning styles was improved as well (as shown at the bottom of the right chart). 
Cohort Mode
Cohort Mode visualizes the support level of a course in respective to the learning styles of the cohort of students' enrolled in that course. Fig. 4 illustrates a screenshot of the visualization part of a selected section in Cohort Mode. The charts visualize the data about students' learning styles (which can be calculated, for example, through the ILS questionnaire [15] or by a tool like DeLeS [21] ) in comparison with the course support level (calculated by the average of the three factors illustrated in section 2). As shows in Fig. 4 , each learning style dimension in a chart contains two bars; the upper one shows the course/unit/section support level for each poles of that dimension (for examples, "active" on the right and "reflective" on the left); the lower bar shows the learning styles of the respective cohort of students, in terms of different levels varying from strong to balanced. In case that all students are fully supported, the bar will be displayed in green color, otherwise a gap will be shown in red. The intensity of the red color indicates the number of unsupported students. For example, the chart at the left side (Fig. 4) shows that reflective, intuitive, verbal, global and sequential learners are well supported by the course. On the other hand, active, sensing and visual learners are not fully supported; there are gaps between the course support level for that learning styles and the learning styles of the respective cohort of students. Once the teacher moves the cursor over any bar, a tooltip appears to display more information about the level of support and the number of supported and unsupported students. Considering the example mentioned in the previous section and the teacher's modifications in that example, the chart at the right side (Fig. 4) shows that the gaps between the course support level and the learning styles of the respective cohort of students were eliminated, and the students were fully supported (as shown at the bottom of the right chart). 
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Conclusions and Future Work
This paper presents an interactive tool for analyzing existing course contents in learning management systems and providing teachers with information regarding how well their courses fit with students' learning styles based on the Felder and Silverman's learning styles model. A mechanism is proposed and utilized in the tool for identifying the course support level for diverse learning styles by calculating three factors: the sequence, the frequency and the availability of learning objects types in that course. The tool provides a teacher with an interactive graphical user interface, which can be used to analyze and visualize the course support level. Moreover, it allows the teachers to try out modifications in the course structure (e.g., adding learning objects) and see what impact such modifications have in terms of improving the support level of a course for students with different learning styles. It aims at helping the teacher to decide on what necessary modifications to make before implementing them "actually" in the LMS. The interface of the tool contains two modes: General Mode, which helps the teacher to improve the course support level
Unsupported learners (gaps in red)
for general learning styles and Cohort Mode that helps the teacher to improve the course support level for the current cohort of students enrolled in that course. Plans for future research include providing teachers with automatic recommendations on how to best extend their courses to support more students with different learning styles and to fit the courses with the current cohort of learners.
